Context. The rate at which galaxies grow via successive mergers is a key element to understand the main phases of galaxy evolution. Aims. We measure the evolution of the fraction of galaxies in pairs and the merging rate since redshift z ∼ 1 assuming a (H 0 = 70kms
Introduction
In the current hierarchical structure formation paradigm, the mass assembly in galaxies proceeds via a process of coalescence between increasingly more massive dark matter halos. This halo merging tree history can be quantified by a halo merger rate, measuring the growth of mass per average mass in a representative volume of the Universe. However, these models do not directly predict a growth of galaxy mass via mergers (Moore et al., 2001) , and the actual contribution of mergers to the evolution of galaxies remains poorly predicted.
Merging two galaxies is potentially a very powerful process. It is possible that during major merger events, i.e. mergers where the two components have more or less the same mass, disks could be transformed into spheroidals, as predicted using detailed simulations (Combes F., 2004; Mihos & Hernquist, 1996; Conselice et al., 2006) . It is also expected that major merger events profoundly modify the spectrophotometric properties of the galaxies involved, for instance triggering a burst of star formation (e.g. Patton et al., 2005) . Galaxies in the process of merging are observed, however the contribution of this process to the evolution of the global galaxy population is not yet precisely constrained. Indirect evidence for merging is also inferred from other galaxy properties like the luminosity or mass function. The luminosity of the red bulge dominated population of galaxies is measured to increase since z ∼ 1, part of which could be produced by mergers (Ilbert et al., 2006) . it seems possible that the increase in the density of intermediate mass early-type galaxies since z ∼ 1 may be happening at the expense of late-type galaxies involved in merging events (Tresse et al., 2007) . Merging is therefore potentially a very important physical phenomenon which could drive the evolution of galaxies along cosmic time. The average numbers of merger events needed to build a typical M * galaxy, the contribution of mergers to the mass growth of galaxies, or the identification of a prefered time in the life of the Universe when mergers were more frequent, are all important elements to help towards our understanding of galaxy evolution. It is then crucial to quantify the contribution of merging to the evolution process and its impact on important quantities like the cosmic star formation rate (e.g. Bouwens et al., 2006; Tresse et al., 2007; Woods et al., 2006) or the global stellar mass density (e.g. Arnouts et al., 2007; Bundy et al., 2005; Pozzetti et al., 2007) .
To estimate the contribution of mergers to the formation and evolution of galaxies is not a trivial task. In the nearby Universe merger events can be identified aposteriori from perturbed morphologies, wisps, tails, and other peculiar signatures seen at low surface brightness. Only recently volume complete measurements of the merger rate in the nearby Universe are becoming available. In the Millennium catalogue, especially tailored to a volume complete identification of merging events, de Propris et al. (2007) use the relative velocity measured from spectroscopic redshifts to confirm true galaxy pairs in the process of merging. They find that the merger fraction is 2% at a mean redshift of 0.06, refining earlier estimates based on pair fraction (Patton et al., 2000; Patton et al., 2002) . At higher redshifts, searching for evidence for past mergers becomes increasingly difficult, because the residual signatures of mergers often have a too low surface brightness. At redshifts z ≥ 0.3, it is therefore easier to search for 'apriori mergers', encounters that are likely to lead to a merger event, rather than to look for 'aposteriori' signs of past mergers. When two galaxies are close together in space, and depending on their relative velocities, gravity is acting to bring them closer for a bound system that will merge. A measure of the merging frequency is then to count galaxy pairs with a separation and velocity difference such as they are likely to be gravitationally bound and destined to merge. By selecting pairs of galaxies with similar magnitudes and hence approximately with similar masses, one can focus on major merger events. They are able to significantly contribute to the mass assembly, to modify morphologies, as well as to significantly alter the star and gas content of the incoming galaxies. Assuming that a dynamically bound system of two galaxies will most likely evolve into one more massive galaxy, one can then derive the merger rate from the pair count. A major uncertainty of this estimator is the timescale upon which a merger will be completed. N-body simulations are then used to provide reasonable estimates of the merger timescales (Conselice et al., 2006; Kitzbichler & White, 2008) .
Cold dark matter simulations show that the evolution of the dark matter halos merger rate follows a power law N mg = N mg,0 (1 + z) m where N mg,0 = N mg (z = 0) is the local value, and m parameterizes the evolution. While some simulations predict that m should have 2.5 ≤ m ≤ 3.5 (Gottløber, 2001) , measuring m directly from galaxy samples is an important step to understand the evolution of galaxies. Many observational attempts have been carried out to track the evolution of the merger rate as a function of redshift (e.g. Burkey et al., 1994; Carlberg, Pritchet & Infante, 1994; Yee & Ellingson, 1994; Patton et al., 1997; Le Fèvre et al., 2000; Patton et al., 2000; Patton et al., 2002; Conselice et al., 2003; Lin et al., 2004; Lin et al., 2008; Lotz et al., 2008; Kampczyk et al., 2007) . Even though, m remains poorly constrained with 0 ≤ m ≤ 6, meaning either no evolution of the merger rate with cosmic time, or a strong evolution. Part of this large range of values can be understood as coming from the different criteria used to identify merger candidates, or the photometric band used to identify pairs (Bundy et al., 2005) . Furthermore, comparing measurements at low and high redshifts from different surveys is complicated due to the different selection functions used. At redshifts z > 0.3, most pair counts so far have been performed from a measurement of the number of pairs observed on deep images, with either a photometric redshift of the galaxies (e.g. Conselice et al., 2003; Lotz et al., 2008) , or a spectroscopic redshift of one of the galaxies in the pair (e.g. Patton et al., 1997; Le Fèvre et al., 2000) . The effect of contamination by galaxies projected along the line of sight producing false pairs is then estimated from galaxy counts, and the observed pair fraction is corrected to get an estimate of the true pair fraction. As redshift increases, projection effects become increasingly important making it difficult to estimate the true pair fraction, creating a fondamental uncertainty in the measurement of m. At z ∼ 1 a galaxy with a luminosity L * has a 40% probability to have a galaxy with a similar magnitude but at a different redshift projected within an apparent radius of 20h −1 kpc (Le Fèvre et al., 2000) .
To overcome these limitations, the most secure method to identify a physical pair of galaxies is to obtain a velocity measurement of each galaxy in the pair, enabling to identify pairs of galaxies which are most likely to be gravitationnaly bound. Only recently samples with spectroscopic redshifts for both galaxies in a pair are becoming available (Lin et al., 2007 , Lin et al., 2008 . In this paper we use for the first time a complete redshift survey to z ∼ 1 and as faint as I AB = 24 to securely identify pairs with both galaxies having a spectroscopic redshift. We use the VIMOS VLT Deep Survey (VVDS) (Le Fèvre et al., 2005a) , to search for galaxy pairs and to derive the pair fraction and the merger rate evolution. We present the galaxy sample and the methodology to build a pair sample in Section 2, we derive the pair fraction evolution in Section 3, and we examine the spectrophotometric properties of galaxies in pairs in Section 4. We compute the merger rate in Section 5. We evaluate the fraction of the stellar mass involved in mergers since z ∼ 1 in Section 6, and conclude in Section 7. We adopt a H 0 = 70kms −1 M pc −1 , Ω λ = 0.7 and Ω m = 0.3 cosmology throughout this work and magnitudes are given in the AB system.
Identification of galaxy pairs

VVDS overview
We use the deep sample from the VIMOS VLT Deep Survey on the 0216-04 field. Data have been obtained with the Visible Multi Object Spectrograph (VIMOS) on the ESO-VLT UT3 (Le Fèvre et al., 2003) . A total of 9842 objects have been observed in the VVDS-Deep field over a total area of ∼ 0.5 deg 2 , selected solely on the basis of apparent magnitude 17.5 ≤ I AB ≤ 24. The mean redshift of the sample is z = 0.76. The velocity measurement of each galaxy redshift has an accuracy of ∼ 276km/s (Le Fèvre, 2005a) . A strategy of multiple spectrograph passes have been used (Bottini et al., 2005) , defining areas where targets have been randomly selected in four separate observations, and another area where two independent observations have been performed, leading to an effective random sampling of the galaxy population of respectively ∼ 35% and ∼ 20% for each of these two areas (with respectively S 4p = 0.17 deg 2 and S 2p = 0.32 deg 2 ). We use a catalogue which contains 6464 objects in an effective area of ∼ 0.5 deg 2 , using only the most secure redshifts, i.e. quality flags 2,3,4 and 9 for primary targets and 22, 23, 24 and 29 for secondary targets. Flags 2 ,3 ,4 correspond to redshifts measured with a confidence level of 80%, 95% and 100%, respectively, and flag 9 indicates spectra with single emission line (see Le Fèvre et al., 2005a for details).
Selection of pairs in the VVDS
We have identified pairs in two ways. First, we have searched in the main VVDS catalogue to find pairs of galaxies close in separation perpendicular to the plane of the sky using the angular distance at the redshift of the pair, and close in velocity along the line of sight as derived from the redshift measurements. Secondly, we have visually examined the 2D spectra to identify secondary objects close to a primary VVDS target which have escaped the automated spectra detection algorithm (Scodeggio et al., 2005) because their angular proximity to the main target along the slit creates a blend of the two spectra at the faint isophotes used for detection. We looked for evidence for 2 continuum traces next to each other, with a clear separation of the objects profile along the slit. The 1D spectrum of the companion was then extracted and its redshift measured using the cross-correlation with templates as done for the main VVDS sample , and was assigned a flag 3X, with X following the flag nomenclature of the survey as described in Section 2.1. We then search in the parent VVDS imaging catalogue for the object responsible for the secondary trace, providing its sky coordinates, the magnitudes and colors. In case the photometric catalogue did not identify the companion also because of blending, ugri and z images from the CFHTLS (http://www.cfht.hawaii.edu/Science/CFHLS/) were examined and the multi-band photometry of the companion was performed using flux extraction in image areas isolating the object. This process concerned mainly objects with separations 1 ≤ θ ≤ 2 arcseconds.
Our final catalogue contains all primary target galaxies with secure redshift measurements (flags 2, 3, 4, 9) and I AB ≤ 24 (6287 objects), all secondary target galaxies identified by the automated spectra extraction program (flags 22, 23, 24, 29) (160 objects) and all the companions identified through our visual examination of 2D spectra (flags 32, 33, 34, 39) (17 objects).
To create the pair catalogue, we first compute two quantities: the projected separation r p and the line-of-sight velocity difference ∆v. For a pair of galaxies with redshift z i and z j and an angular separation θ these parameters are given by :
where d A (z m ) is the angular diameter distance at the mean pair redshift z m , and c the speed of light. The I AB ≤ 24 selection of the VVDS implies that galaxies in the sample have an absolute magnitude M B ≤ −19.11 at z = 1. We are missing pairs for which one member of the pair is fainter than this limit, for which we need to apply a completeness correction as described in Section 2.4. From the luminosity function of the complete VVDS sample, we know that the characteristic luminosity M * in B-band evolves with redshift as Q(z) = 1.11×z (Ilbert et al., 2005) . We have therefore applied a magnitude evolution M B = −18 − Q(z) to our absolute magnitude cutoff when looking for pairs (see Figure 1 ). The two-point correlation function ξ(r) describes the excess probability of finding a galaxy at distance r from a galaxy selected at random over that expected in a uniform, random distribution. This function is usually parametrised by a power law with correlation length r 0 : ξ(r) = (r/r 0 ) −γ . Integration over this function yields a number of pairs that varies as r 3−γ p (Patton et al., 2002) . Using the mean slope γ ∼ 1.7 of the correlation function found in the VVDS (Le Fèvre et al., 2005b) , we expect an increase of the number of pairs ∼ r 1.3 p . This is in good agreement with our pair counts which gives a slope of ∼ 1.24 as shown in the left panel of Figure 3 .
We identify the number of pairs as a function of separations r max p and ∆v max in Table 1 . For r p ≤ 20h −1 kpc, ∆v ≤ 500 km/s and imposing at least one of the pair members to have M B ≤ −18−Q(z), we have a total of 36 pairs. The fraction of close pairs added by the visual examination of the 2D spectra is ∼ 10% for pairs with a projected separation less than 2 arcseconds. (0) 143 (13) 314 (46) We give the list of all 36 pairs with r p ≤ 20h Table 2 display the postage stamps and spectra of each of these pairs in Figure 4 . = 1.5 mag selected in the bright M B (z = 0) ≤ −18 sample. Id's beginning by "p" are manually extracted. Pair numbers can be use to retrieve postage stamps and spectra in Figure 4 . R.A. (2000) and Dec. (2000) Fig. 4 . Postage stamps (6" × 6") and spectra of our 36 VVDS pairs selected in the bright M B (z = 0) ≤ −18 sample for galaxies with r max p = 20h −1 kpc, ∆v max = 500 km/s and ∆M B ≤ 1.5. Spectra can be found either at http://cencosw.oamp.fr/VVDS/VVDS DEEP.html or http://vizier.u-strasbg.fr/.
Accounting for selection effects
To compute the total number of true pairs, we need to correct for three basic effects imposed by the VVDS selection function:
1. the limiting magnitude I AB = 24 which imposes a loss of faint companions when we search for major mergers with ∆M B ≤ 1.5. 2. the spatial sampling rate and the spectroscopic success rate in measuring redshifts. 3. the loss of pairs at small separations because of the ground based seeing limitation of the observations.
The spectroscopic targets have been selected on the basis of the only magnitude criterion 17.5 ≤ I AB ≤ 24. Therefore, we miss companions which have an absolute magnitude fainter than imposed by the I AB = 24 cutoff and the ∆M B = 1.5 magnitude difference, artificially lowering the number of pairs. To take this into account, we compute for each galaxy a weight ω mag (M B , z) using the ratio between the comoving number densities above and below the magnitude cutoff (Ilbert et al., 2005) . For each galaxy, we derive M i sup = M i B + ∆M B which corresponds to the maximum absolute magnitude when searching for a companion and M i sel (z) which corresponds to the survey limit I = 24 in the absolute B band at the given galaxy redshift. We then assign a weight for each galaxy:
We combine these weights in each pair k as ω Since 25% of the field has been spectroscopicaly observed and the redshifts are not measured with 100% certainty, we must correct for the VVDS sampling rate and redshift success rate. These have been very well constrained (see Ilbert et al., 2005) resulting in the Target Sampling Rate (TSR) and the Spectroscopic Success Rate (SSR) computed as a function of redshift. The SSR has been assumed independent of the galaxy type, as demonstrated to be true up to z ∼ 1 in Zucca et al. (2006) . We therefore introduce the weight ω i comp (z). For each galaxy, we have the information on its redshift, its apparent magnitude I AB , its spectroscopic flag and its spatial flag (whether the galaxy is on the field with four passes or two passes). We derive the completness weight as follows.
where N sel g,spectro is the number of secure spectroscopic flag galaxies in the spectroscopic catalogue, and where N sel g,photo is the number of galaxies in the photometric catalogue. These two last values are estimated within the same redshift, I-band magnitude and N-pass area ranges based on the z, I AB and N-pass area values of the galaxy i. For the photometric sample, we use the photometric redshifts of Ilbert et al. (2005) . Each pair k is therefore assigned with ω The last correction we need to apply results from the observations which have been performed under a typical ground based seeing of 1 arcsecond. We correct for the increasing incompleteness to target both components of close pairs as the separation between them is getting smaller. Assuming a clustered distribution of galaxies, the number of galaxy pairs should be a monotonically decreasing function of the pair separation. However, pairs are under-counted for separations θ ≤ 2 arcseconds because of the seeing effects.
We derive the ratio r(θ) between the observed pair count in the spectroscopic catalogue, N zz , over the observed pair count in the photometric catalogue, N pp , as a function of the angular separation (see Figure 5 ). We apply a weight ω k θ on each pair k using the ratio :
where the mean ratio a is the probability to randomly select a pair, obtained at large separations. This ratio is close to the squared mean target sampling rate (∼ 20.2% 2 ). For large separations (θ > 50 ′′ ), r(θ) ∼ a but at small separations r(θ) < a because of the artificial decrease of pairs due to seeing effects. The corrected number of galaxies N corr g in each redshift bin is then:
The total number of pairs N corr p is therefore computed as :
where N g,obs and N p,obs are the observed number of galaxies and pairs in the spectroscopic catalogue.
Evolution of the pair fraction with redshift
Pair fraction evolution using VVDS data
We give the total number of identified pairs as a function of the two separations criteria in Table 1 for the adopted ∆M B ≤ 1.5 magnitude difference. We use equations (2) & (3) to compute the pair fraction f p (z) in each redshift bin as follows:
. 
we fit the pair fraction measurements to compute the evolution index m and associated poissonian errors as a function of the line-of-sight and projected transverse separations. These values are reported in Table 4 . We have investigated the dependency of the pair fraction on the pair separation. Increasing the separation of the two members of a pair both in r p and ∆v, the index m varies from 4.73 ± 2.01 to 2.45 ± 0.11 when separations increase from (20h −1 kpc, 500km/s) to (100h −1 kpc, 2000km/s). Interestingly, we find a strong dependency on the limiting absolute magnitude of the galaxies in the pairs. Table 3 Here, we show that the pair fraction evolves faster for fainter samples. We will come back to this property in Section 7.
Constraints combining low redshift pair fraction with VVDS estimates
To better constrain the evolutionary parameters, the comparison of high redshift data to the local value of the pair fraction is important. Patton et al. (2000) derived the pair fraction in a sample of 5426 galaxies in the SSRS2 redshift survey. Using close (5 ≤ r p ≤ 20h −1 kpc) dynamical (∆v ≤ 500km/s) pairs, they found f p (−21 ≤ M B − 5 log h ≤ −18) = 2.26 ± 0.52% at z = 0.015. We also compare our data to results from the CNOC2 Redshift survey (Patton et al., 2002) for the same magnitude selection but for a higher mean redshift : f p (−21 ≤ M B − 5 log h ≤ −18) = 3.21 ± 0.77% at z = 0.3.
de Propris et al (2007) derived measurements of the pair fraction using galaxy asymmetry and pair proximity to measure galaxy merger fractions for a volume limited sample of 3184 galaxies with −21 ≤ M B − 5 log h ≤ −18 and 0.010 ≤ z ≤ 0.123 drawn from the Millennium Galaxy Catalogue. They found a pair fraction of 4.1 ± 0.4% for galaxies with r p ≤ 20h −1 kpc. Combining these values with our brighter sample (M B (z = 0) ≤ −18 + 5log(h) ∼ −18.77), we estimate m = 1.50 ± 0.76 and f p (0) = 3.01 ± 0.52. Here, we show that the fainter the galaxy sample is, the faster is the evolution of the pair fraction. Figure 7 shows the best fit when combining these pair fraction measurements with our brightest sample.
Influence of stellar mass on the pair fraction
To identify if the evolution of the pair fraction is also dependent on the stellar mass of the galaxies (as a proxy for total mass), we applied exactly the same method as we used for the luminosity in Section 3.1 but on a mass selected sample instead. Using masses derived in the VVDS and the evolution of the characteristic stellar mass, M * star , as described in Pozzetti et al. (2007) , we define a stellar-mass selected sample volume complete up to redshift ∼ 1 (using an evolution parameter Q Mass (z) = −0.187×z to reproduce the evolution of M * star ). Stellar masses are derived using a Bruzual & Charlot (2003) model and allowing bursts on the top of a smooth star formation history. We applied the same corrections described in Section 2.4 by replacing the lumi- nosity function by the mass function. We define a major pair via the ratio M 1 /M 2 of stellar masses, and select pairs with M 1 /M 2 ≤ 4 corresponding roughly to a luminosity selected sample with ∆M B ≤ 1.5 mag.
We divided our sample in different sub-samples: one with log(M/M ⊙ ) ≥ 9.5 (106 pairs), one with log(M/M ⊙ ) ≥ 10 (77 pairs) and one with log(M/M ⊙ ) ≥ 10.5 (37 pairs) with separations ∆v ≤ 500 km/s and increasing the projected separation to r max p = 100h −1 kpc for better statistics, as shown in Figure 8 . Figure 9 shows the evolution of the pair fraction in those different mass sub-samples. For low mass galaxies with log(M/M ⊙ ) ≥ 9.5, m = 3.13 ± 1.54 and f p (z = 0) = 3.90 ± 3.42. For intermediate mass galaxies with log(M/M ⊙ ) ≥ 10, m = 2.04±1.65 and f p (z = 0) = 7.28±6.81. For massive galaxies with log(M/M ⊙ ) ≥ 10.5, m = 0.52 ± 2.07 and f p (z = 0) = 16.7 ± 19.5. We see a flatter evolution as we select more massive galaxies. It is therefore apparent that intermediate or low mass galaxies are responsible for most of the evolution of the pair fraction and merger rate.
Physical properties of galaxy pairs
Spectro-photometric properties
One of the expected effect of a merging or close interaction of galaxies is an increase in the star formation rate of the system. We evaluate here if our sample of pairs has a stronger star formation rate than the global population by studying the rest-frame [OII]3727Å equivalent widths (EW) as a function of projected separation within a given ∆v max (500 km/s). EW[0II] were derived using the plate f it software (Lamareille et al., 2006) , which performs a continuum fit to the observed spectra using template fitting. It enables an unbiased measurement of the intensities of absorption and emission lines. For each pair, we pro- Figure 10) . We perform the same estimation using also galaxies for which the 
Spectral types of galaxies in pairs
In this Section, we compare the spectral properties of galaxies in dynamical pairs with field galaxies. For each galaxy in the VVDS, the spectral type has been derived on the basis of the template fitting of the rest-frame multi-λ photometry (Zucca et al., 2006) . Galaxies were classified in type 1 (E/S0), type 2 (Early spiral), type 3 (Late spiral) and type 4 (Irregular). Therefore, for each pair, we know the spectral types of both the primary galaxy and its companion(s). We have investigated which galaxy types are involved in a pair as cosmic time evolves. We classified each pair with a flag (X − X) where X is the spectral type of each pair member. For instance 'dry mergers' with the merging of two early-type galaxies are classified as type (1 − 1). We consider all the permutations between these four types. We classify as 'early-type' pairs, pairs with flags (1 − 1), (1 − 2) and (2 − 2), late-type pairs the pairs with flags (3 − 3), (3 − 4), and (4 − 4), and mixed type pairs those with flags (1 − 3), (1 − 4), (2 − 3), and (2 − 4). Table 6 gives the fraction of these different classes in the r max p = 100h −1 kpc pair sample. The fraction of pairs involving only E/SO galaxies increases from 3.0% at z ∼ 0.9 to 11.8% at z ∼ 0.5, the fraction of pairs involving at least one E/SO increases from 22.4% at z ∼ 0.9 to 29.4% at z ∼ 0.5, while the vast majority of pairs involving at least one late-spiral or Irr galaxy represents a fraction decreasing from 83.4% at z ∼ 0.9 to 76.5% at z ∼ 0.5. Table 6 . Fraction of pairs vs. the spectral classes of each galaxy in the pair for redshift z ∼ 0.5 and z ∼ 0.9. Pairs with M B < −18 − Q(z) and r max p = 100kpc/h are considered (202 pairs in total).
Classi f ication
Fraction at z ∼ 0. Figure 11 shows the evolution of the fraction of early-type, and late-type galaxies in two different samples : one brighter than M B = −18 − Q(z) (faint sample) and one brighter than M B = −18.77 − Q(z) (bright sample). In the faint sample, the population is dominated by late-type galaxies at all redshifts. In the bright sample, late-type galaxies dominate between z ∼ 0.4 and z ∼ 1, and early-type galaxies become dominant between z ∼ 0.1 and z ∼ 0.3. Early-type galaxies represent only one third of the sample at z ∼ 1, but about two third at z ∼ 0.1. Figure 12 shows the fraction of early, mixed and late-type pairs with M B ≤ −18 − Q(z) as a function of redshift. At z ∼ 0.9, 15% (55%) of these pairs are early(late) type pairs whereas at z ∼ 0.5, 25% (50%) of these pairs are early(late) type pairs following the same trend as the underlying sample of galaxies. Figure 13 shows the pair fraction as a function of redshift, for 3 classes of pairs type compared to the global pair fraction: two early-type galaxies, one early and one late component, two latetypes, using a sample with r max p = 100h −1 kpc. The early-type pair fraction evolves slowly with redshift with m = 1.44 ± 0.93. On the contrary, the late-early and late-type pair fractions evolve strongly with redshift, with m = 5.16 ± 2.56 and m = 4.74 ± 0.81 respectively. Table 5 gives the distributions of pairs as a function of the stellar mass selection and spectral types of the pairs. The log(M/M ⊙ ) ≥ 9.5 sub-sample is dominated by late-type pairs (50%) while the log(M/M ⊙ ) ≥ 10.5 sub-sample is dominated by early-type pairs (59.5%) (see Section 4.2). We conclude that most of the pair fraction evolution is coming from lower mass late-type or mixed-type pairs. −1 kpc (pink) and contribution of early-types (red), mixed types (cyan) and late-type (blue).
Evolution of the merger rate
Knowing the pair fraction, we derive the merger rate i.e. the number of mergers per unit time and per comoving volume. This rate can be expressed as
where C mg stands for the fraction of galaxies in close pairs that will undergo a merger within the time T mg and n(z) is the comoving number density of galaxies. The best way to estimate these values is to use simulations to follow the merging history of galaxies with different masses. We take results from the Millennium simulations (Kitzbichler & White, 2008) to estimate the merging time-scale T mg (r max p , z), written as follows:
We computed T 0 , f 1 and f 2 for r max p = (20, 30, 50 and 100)h −1 kpc in the case of ∆v max = 500 km/s. Following Lin et al. (2008) , the probability for a pair to merge in the given time-scale T mg is assumed constant, C mg = 0.6, independent of the separation r max p . As a proxy for total mass, we use the evolution of the characteristic stellar mass M * stars as derived in the VVDS (Pozzetti et al., 2007) . Figure 14 shows the change in the galaxy merging time-scale with redshift and r The time-scales are found to be higher than the standard assumption that half of the pairs with r max p = 20h −1 kpc undergo a merger in half a Giga-year (Patton et al., 2000; Patton et al., 2002; Lin et al., 2004) . Using the Kitzblicher and White (2008) prescription, we find that even for the closest pairs the merging time-scale is 1.5 times higher than assumptions previously used in the literature.
The merger rate should be an "absolute value", independent of r max p and ∆v since we take into account the merging timescales corresponding to different pair separations. To check that the merger rate does not depend on the adopted value of r max p and ∆v, we have computed the merger rate for different sets of r max p with ∆v ≤ 500km/s; results are presented in Table 7 , and plotted in Figure 15 Table 8 lists the values of the parameters m mg and N mg (z = 0) for different sets of separations and we plot in Figure 15 Using this merger rate evolution parametrisation, we estimate the fraction of present day galaxies f rem , that have undergone one major merger (Patton et al., 2002) since z ∼ 1.
where z j corresponds to a lookback time of t = j×T mg and f mg is the fraction of galaxies that undergo a merger. We use the merger rate evolution derived with r max p = 20h −1 kpc and lookback times derived using
based on a mean merging time-scale of 0.75 Gyr (corresponding to r max p = 20h −1 kpc). We find that 8% of present day galaxies brighter than M B = −18 − Q(z) have undergone a major merger since z ∼ 0.4, , while 22% have done so since z ∼ 0.9.
We have also computed the merger rate for two different luminosities using pairs with r max p = 100h −1 kpc. A similar trend to the pair fraction is observed: for galaxies with M B (z = 0) ≤ −18, we find m mg = 2.20 ± 0.77, while for brighter galaxies with M B (z = 0) ≤ −18.77 we find m mg = 1.60 ± 1.83 using only VVDS data. For the same limiting magnitude and using the merger rate measured by de Propris et al. (2007) to constrain the low redshift end, m mg = 1.57 ± 0.44.
Similarly, we have computed the merger rate for different mass selected samples as defined in Section 3.3 using r 
11.0 ± 5.89 8.49 ± 5.61 17.5 ± 7.24 27.2 ± 2. 13 We see a change in the evolution of the merger rate as we go to the highest masses. First, the number of less massive merging events (log(M/M ⊙ ) ≥ 9.5) is greater than the number of high mass merging events (log(M/M ⊙ ) ≥ 10.5). Then we see a flattening of the evolution of the merger rate as we go to higher mass galaxies, confirming that the evolution of the major merger rate is mainly due to the less massive galaxy population.
Stellar mass involved in mergers
We estimate the fraction of the total stellar mass involved in a merger process, f M * (z), since z ∼ 1 as a function of redshift as
where n(z) is the comoving number density of galaxies, N mg (z) is the number of mergers per unit of time and per comoving volume, M *
is the mean stellar mass involved in a merger process, T bin (z) is the elapsed time corresponding to the considered redshift bin and M * tot (z) is the total stellar mass in the redshift interval. To extrapolate the values of the stellar mass densities at z ∼ 0.1, we assumed a constant stellar mass density below z = 0.4. This assumption is consistent with the evolution of ρ * reported in Pozzetti et al. (2007) . We show in Figure 18 that around 25% of the stellar mass contained in galaxies with log(M/M ⊙ ) ≥ 9.5 at z ∼ 0.1 have experienced a merger since z ∼ 1 while this fraction is about 20% for galaxies with log(M/M ⊙ ) ≥ 10. One can identify two trends: the fraction of the stellar mass density coming from the merging process shows a rise of about 24% from z ∼ 0.9 down to z ∼ 0.1 for the less massive population, whereas it stays roughly constant at about 20% for the most massive galaxies.
Summary and Discussion
Our results can be summarized as follows:
(i) We find that 3.8±1.7, 9.4±2.8, and 10.9±3.2 % of galaxies with M B (z) < −18 − Q(z) at z ∼ 0.5, 0.7 and 0.9 respectively, are (ii) The evolution of the pair fraction with redshift is strongly dependent on the absolute luminosity or stellar mass of the brighter galaxy in the pair: it evolves more slowly for brighter or more massive galaxies than for faint galaxies. Using the VVDS alone, the pair fraction of galaxies with M B (z) < −18 − Q(z) is found to strongly evolves with redshift as ∝ (1 + z) m with m = 4.46 ± 0.81 for separations of (100h −1 kpc, 500km/s), while for brighter galaxies with M B (z) < −18.77 − Q(z), we find a slower evolution with m = 3.18 ± 1.34. Combining VVDS data with low redshift measurements from de Propris et al. (2007), Patton et al. (2000) and Patton et al. (2002) , and taking r max p = 20h −1 kpc, we similarly find m = 1.50 ± 0.76 for bright galaxies with M B (z = 0) ≤ −18 + 5log(h) ∼ −18.77 and m = 4.73±2.01 for the fainter M B (z = 0) ≤ −18 sample. In addition, the evolution of the pair fraction is found to be stronger with m = 3.13±1.54 for less massive galaxies with log(M/M ⊙ ) ≥ 9.5, than for more massive galaxies with log(M/M ⊙ ) ≥ 10 for which we find m = 2.04 ± 1.65. Low mass pairs are therefore contributing more to the evolution of the pair fraction than high mass pairs.
(iii) The star formation rate of close pairs is enhanced at separations r p ≤ 150h −1 kpc. We find that the mean EW(OII) in close pairs are larger by 26 ± 4% than the one derived for galaxies with larger separations.
(iv) The evolution of the pair fraction is stronger for latetype pairs with m late = 4.74 ± 0.81, than for early-type pairs with m early = 1.44 ± 0.93. Late-type pairs are therefore contributing significantly more to the observed evolution of the pair fraction than early-type pairs in our I AB ≤ 24 sample.
(v) Using the merging timescale from Kitzbichler & White (2008) , we find that the merger rate increases from ∼ 12.3 × 10 −4 to ∼ 19.4 × 10 −4 mergers h 3 M pc −3 Gyr −1 from z = 0.5 to z = 0.9. The merger rate of galaxies with M B (z) < −18 − Q(z) evolves as N mg = (4.96 ± 2.07) × 10 −4 ) × (1 + z) 2.20±0.77 . Similarly to the pair fraction, we find that the merger rate evolves faster for fainter or less massive galaxies, with m mg = 2.20±0.77 and 2.38 ± 1.57 respectively, than for brighter or more massive galaxies with m mg = 1.57 ± 0.44 and 1.27 ± 1.67 respectively. The merger rate is evolving more strongly for late-type mergers than for early-type mergers.
We conclude that the observed evolution of the pair fraction and merger rate in our I AB ≤ 24 sample is mostly driven by low mass late-type galaxies, while the pair fraction and merger rate of high mass early-type galaxies remains roughly constant since z ∼ 1. Therefore, the pair fraction or the merger rate are not universal numbers but rather are dependent on the luminosity or stellar mass, and on the spectral type of galaxies involved. Our finding that bright or massive galaxies experience a lower merger rate and a lower evolution of the merger rate extends to higher redshifts the results found in the local Universe by Patton & Atfield (2008) . Taking into account this pair fraction and merger rate dependancy on galaxy luminosity and spectral type offers a first step to reconcile apparently inconsistent observations. Lotz et al. (2008) find a slow or no evolution of the merger rate and claim that they disagree with previous studies. When taking into account that their result is derived from bright M B ≤ −19.94 − 1.3 × z galaxies, their result is consistent with other studies like Conselice et al. (2003) or Le Fèvre et al. (2000) which have been analysing fainter samples.
The dependency of the merger rate and its evolution on luminosity or stellar mass is indeed a prediction from the latest simulations using advanced semi-analytic models as described in Kitzbichler and White (2008) . At the limiting magnitudes or stellar masses of our sample, Kitzbichler and White (2008) pre-dict that the merger rate decreases and evolves more slowly for galaxy samples with increasing luminosity or stellar mass, similar to the trend observed in our sample.
The star formation rate is significantly enhanced in merging pairs with a net star formation increase of ∼ 25% for these galaxies. Nevertheless, it accounts for only 12% to 3% of the global galaxy population from redshift z ∼ 1 to z ∼ 0 which is not sufficient to counteract the strong fading of the global star formation rate observed since z ∼ 1. This may indicate that the gas reservoir of massive and intermediate mass galaxies has already been depleted at redshifts z ∼ 1, in agreement with their observed peak in star formation at z ∼ 3.5 (e.g. Tresse et al., 2007) . It is then apparent that the decreasing SFR since z ∼ 1 is regulated by other physical processes like gas availability in the intergalactic medium, or feedback.
Major merging events are largely dominated by pairs of late or mixed type galaxies, but while early-type mergers represent about 15% of the merging events of bright galaxies at z ∼ 1, they become approximately 25% of all mergers at z ∼ 0.5, which is in good agreement with previous results on dry mergers (e.g. Lin et al., 2008 ). This indicates that major mergers are efficient in lowering the number density of intermediate mass latetype galaxies to build up more early-type galaxies. We confirm that merging is one of the important physical processes driving galaxy evolution, with the observed galaxy merger rate undoubtedly closely linked to the hierarchical build up of dark matter galaxy halos, with a rapid mass accretion phase of massive halos since z ∼ 1 (Abbas et al., 2008) . Our finding that ∼ 20% of the stellar mass in present day massive galaxies has experienced a major merger since z ∼ 1 is an indication that major mergers are significantly contributing to the observed evolution of the stellar mass density since z ∼ 1 (Bundy et al., 2005; Arnouts et al., 2007) .
